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AB STRACT We introduce a novel probe for qPCR that is embedded with a duplex stabilizing technology and terminated with the Black Hole Quencher®. These BHQplus probes permit the design of
shorter oligonucleotides to detect targets that do not easily accommodate traditional probes. We demonstrate this capability against an AT-rich gene, conserved across several species
of closely related bacteria. Fluorescent melting curves reveal the added stabilization of the BHQplus chemistry and also the consequences of hybridizing to a mismatch,
such as the opposite allele of a single-nucleotide polymorphism. Our free PCR application, RealTimeDesign™, is being upgraded to incorporate
the thermodynamic parameters specific to this chemistry and support probe-based genotyping. This software program will
design numerous SNP assays in a high-throughput fashion, and also accommodate multi-nucleotide
polymorphisms. Here, we demonstrate the amplification performance of several
SNP assays proposed by RealTimeDesign, with scatter plots
resolving the genotypes.

DuUPLEX
STABILIZATION

provided by the BHQplus chemistry is revealed by ramping the

temperature of a mixture containing the probe and its complement, and recording
fluorescence as the strands melt apart. Melting curves measured upon mismatched templates
reveal single-base discrimination, making BHQplus probes well-suited for SNP genotyping.

COMPACT
PROBES FOR QPCR Oligonucleotide

sequences for fluorescence-quenched probes are selected to anneal

at a precise temperature, usually elevated above that of the primers. BHQplus

probes are synthesized with a duplex-stabilizing chemistry so that truncated oligos continue

to anneal at the proper temperature. This feature allows probe design into difficult AT-rich regions.

Amplification of an AT-rich target, detected with BHQplus and traditional probes: Melting curves of FAM- and TET-labeled BHQplus probes:
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FIGURE 1. Replicate PCR reactions, all amplified using the same primer-set, but detected using either a traditional FAM-BHQ1 probe

(black) or a BHQplus probe (blue). The amplification product is a region within the AT-rich hemolysin Ill gene of Bacillus anthracis

(TIGR locus # BA_2725). The assay is as follows, with the primer-binding regions shown in grey: T 5 =
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FIGURE 2: BHQplus probes that target a SNP within the gene UGT2B15 were melted in the presence of templates representing
each allele. The FAM-labeled probe targets the “C” allele (blue) while the TET-labeled probe targets the “T" allele (gold). The melting
temperature of each probe, recorded upon their mismatched template is 6 - 8 "C lower than that of the matched template.
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At 29 bases in length, the traditional probe remains sufficiently short for FRET quenching, but is predicted to melt from its target below
the ideal temperature of 70 °C. In contrast, the BHQplus probe is only 21 bases in length and yet shows an improved fluorescent re-

Identical probe sequences were also synthesized without the BHQplus chemistry, and melted in the presence of their matched tem-
sponse, possibly due to its elevated melting temperature:

plates (black). These melting curves are also shifted toward lower temperatures, confirming the binding stability of BHQplus probes.
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FIGURE 3: Screenshot from RealTimeDesign, displaying the oligo sequences of the
genotyping assay targeting UGT2B15, a gene involved in the metabolism of certain
drugs such as tamoxifen. Properties of the oligos and amplicons are also presented.

FIGURE 4: LEFT: The software avoids certain misalignments between the primers, but
presents those that remain. RIGHT: The alignment of the oligos upon the target sequence.
Both the sense and antisense strands are considered for optimal placement of the probes.
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Scatter plots for the four SNP assays record the final fluorescence values from amplification of each
allele. All assays were amplified across a seven-point dilution series of the homozygous and hetero-
zygous genotypes, spanning 5,000,000 copies down to 5 copies. The “FAM” allele is presented in
blue, the “TET” allele is presented in gold, and the heterozygote presented in green.
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FIGURE 8: Scatterplot of a SNP assay targeting CYP2C9

allele1 probe: [FAMI-TGCTTCAGCAGGAGA-[BHQplus]

allele2 probe: [TETI-TGCTTCAGCAGTAGA-[BHQplus]
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FIGURE 5: Scatterplot of a SNP assay targeting UGT2B15
allele probe: [FAMI-AACATACCCTTTCCGTA-[BHQplus]
allele2 probe: [TET-TTAACATACCCTTTCTGTA-[BHQplus]
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FIGURE 6: Scatterplot of a SNP assay targeting ABCC11
(el siesrtl allele1 probe: [FAM]-ATCATCAACCAACGCA-[BHQplus]
RNA, allele2 probe: [TET]-ATCATCAACCAGCGC-[BHQplus]

)
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FIGURE 7: Scatterplot of a SNP assay targeting ATP7B

allele probe: [FAM-CCAGACAGAGGTGATC-[BHQplus]
allele2 probe: [TET]-CCAGACAGAGGTGTTC-[BHQplus]
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Melting curve reaction components

- nuclease-free water
~10X PCR buffer

- MgCI2 (50mM)

- Probe (100 M)

- Template (100 M)
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PCR reaction components:

- nuclease-free water

- 2X PCR master mix

- DNAtemplate

- forward primer (10 uM)
reverse primer (10 M)

- allele 1 probe (10 M)

- allele 2 probe (10 M)
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CONCLUSIONS:

The boosted binding stability provided by the BHQplus chemistry allows these probes to be accom-
modated into difficult targets and new applications where traditional probes are not well-suited. We
demonstrate this capability upon four SNP targets and successfully resolve the genotypes from one
another. We have upgraded RealTimeDesign to target single- and multi-nucleotide polymorphisms
so that assay design is rapidly automated. BHQplus may also be suitable for adapting preexisting
probe sequences that rely upon other binding stabilizers. We envision other appropriate uses of this
technology, including the discrimination of closely-related species and the detection of small targets
such as microRNA.
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